A Comparison of simulations of Rossby Wave
Breaking with Icosahedral and Lon-Lat Models

Celal Konor and Ross Heikes
CcCSU

In collaboration with Anirban Guha of /IT Kanpur, India

DF working group
18th CMMAP Team Meeting, 13—-15 January, 2015, La Jolla, CA

Wednesday, January 28, 15



Outline

e A brief introduction of Rossby wave breaking (RWB) at
critical layers (or latitudes)

e Shallow-water models used in this comparison
e Comparison of results
e |cosahedral and Lon-Lat barotropic models
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Rossby Wave Breaking (RWB) in the context of critical layers (latitudes)
and Lagrangian transport

An important mechanism for horizontal Stratospheric mixing in the Southern Hemisphere

Critical latitudes are places where U—-c=0

“Cat’s eye” structure at the critical latitude
and Rossby-wave breaking and Lagrangian transport

———————————— ———"— ——— Streamlines

Hyperbolic point

oo - — Gray shading
W indicates tracer

_— = == = concentration

De La Camara et al. (JAS, 2013)
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grid cartesian trieste

Quadrilateral cells
Poor isotropy
Poor uniformity
Pole problem

Vector Velocity and
FV dycores
No Z-grid dycore

Lon-Lat grid (Cartesian)

Selected grids used in global models

Hexagon-Pentagon Icosahedral

Cubed Sphere

Hexagonal and pentagonal cells
Excellent isotropy

Excellent uniformity

Pentagon problem

Vector Velocity dycores
Z-grid dycore

Quadrilateral cells

Poor isotropy
Acceptable uniformity

Corner problem

Vector Velocity dycores
SE and FV dycores

No Z-grid dycore

Not discussed here
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Shallow-water models Icosahedral Z-grid
CDeyY

1) Icosahedral (Z-grid) model

® Shallow-water version of CSU’s global
icosahedral grid model (Heikes and
Randall, 1995; Heikes et al., 2013)

2) Lon-Lat (C-grid) model
® Shallow-water version of the global
iIsentropic model (Jung et al. 2001)

® SAH: a second-order scheme (Sadourny,
1975; Arakawa and Hsu, 1990)

® AL: a second-order scheme (Arakawa
and Lamb, 1981)

® ST: a fourth-order scheme (Suarez
and Takacs, 1994)

® TW: a fourth-order scheme (Takano
and Wurtele, 1983)
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Simulations of RWB during Southern spring with the icosahedral and lon-lat
shallow-water models

Zonally uniform initial flow flow and critical latitudes
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Guha and Mechoso (AMS, 2015)
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Trajectories

Icosahedral model run with the stationary wavenumber-2 forcing

Resolution: G6 (grid distance is approx. 120 km)

Guha and Mechoso (AMS, 2015)
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Hyperbolic points defined by Lagrangian descriptor “M”

I A B R R
Mf(xo,yo,zo,t0)=Lo_T JB 49+ 2t

De La Camara et al. (JAS, 2013)

lcosahedral model results for (=25 days and 7=20 days

Guha and Mechoso (AMS, 2015)
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Relative vorticity in an RWB episode (Day 30)

Icosahedral model

Day 30

oyt

lcosahedral model resolution: G8 (grid
distance is approx. 30 km)

Lon-Lat model (with second-order SAH scheme)
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Lon-Lat model resolution: 1°X1.25¢° (grid
distance is approx. 100 km)
Time step: 2 secs
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Relative vorticity in a RWB episode (Day 40)

Lon-Lat model (with second-order SAH scheme)
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Lon-Lat model resolution: 10X1.25° (grid
distance is approx. 100 km)
Time step: 2 secs
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Relative vorticity in an RWB episode (Day 50)

Icosahedral model Lon-Lat model (with second-order SAH scheme)

L B B L L el e
Day 50 - Day 50 -
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lcosahedral model resolution: G8 (grid
distance is approx. 30 km)

Lon-Lat model resolution: 10X1.25° (grid
distance is approx. 100 km)
Time step: 2 secs
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Potential enstrophy

Icosahedral Model Lon-Lat Model (second-order SAH scheme)
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Relative vorticity in an RWB episode

Lon-Lat model (with second-order AL scheme)
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Lon-Lat model resolution: 10X1.25° (grid
distance is approx. 100 km)
Time step: 2 secs
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Relative vorticity in an RWB episode

Lon-Lat model (with fourth-order ST scheme)

EQ —m8 ———————————

EQ

LI DL BN AL N BN AN A B I LSRN BELENLBNLENL I BN AL
Day 30 °

SPOllll

Lon-Lat model resolution: 10X1.25° (grid
distance is approx. 100 km)
Time step: 2 secs
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Relative vorticity in an RWB episode

Lon-Lat model (with fourth-order TW scheme)
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Lon-Lat model resolution: 10X1.25° (grid
distance is approx. 100 km)
Time step: 2 secs
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Relative vorticity in an RWB episode (Day 50)
With second-order diffusion of velocity
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Lon-Lat model resolution: 1°X1.25° (grid distance is approx. 100 km); Time step: 2 secs Coeff.=0.25m2/sec
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Relative vorticity in an RWB episode (Day 50)

Lon-Lat model

With second-order diffusion of velocity

lllllllll Illlllllllll'lil!!llllll!lllllllllllll!ll‘llllil!
Second-order SAH scheme
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Lon-Lat model resolution: 0.50X0.625°
(grid distance is approx. 50 km)
Time step: 1 secs

150

lllllllll 'Illlllllll!lllll!llllllllllllllllllllll'lllllll
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Coeff.=0.25m2/sec
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Relative vorticity in an RWB episode (Day 50)

Lon-Lat model
With second-order diffusion of velocity
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Lon-Lat model resolution: 0.5°X0.6250°
(grid distance is approx. 50 km)
Time step: 1 secs Coeff.=0.25m2/sec
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Comparison of results

e There are differences between the simulations of the late stages
of RWB with the Icosahedral and Lon-Lat models.

e Lon-Lat model produces noise while conserving potential
enstrophy.

e |lcosahedral model does not produce noticeable noise. It
dissipates potential enstrophy.

e Switching to the high-order schemes and/or adding diffusion
reduce noise in Lon-Lat model simulations.

e Simulated phase speed remains different between icosahedral
and lon-lat solutions.
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Integration of barotropic vorticity equation (Barotropic Model)

Icosahedral Z-grid
on
—=-V-(nv,) n={+f Cov
ot
CoV CoVy
— 20
v, =kxVy Viy =(
Loy
1) Icosahedral barotropic model Covy
® Barotropic version of CSU’s global
icosahedral grid model C, oy
2) Lon-Lat barotropic model Lon-lat (Cartesian) Z-grid

® Barotropic model version of a new Lon-
Lat Z-grid shallow-water model

® It is not based on Arakawa Jacobian
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Integration of barotropic vorticity equation (Barotropic model)
lcosahedral G5 (~240 km) Lon-Lat (Cartesian)  20x2.50
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Integration of barotropic vorticity equation (Barotropic Model)

Icosahedral 120 km) Lon-Lat (Cartesian) . |
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Question

e Where do these differences coming from?
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